toxic change in neutrophils (cytoplasmic basophilia, Döhle bodies) in 2 and 4 horses, respectively. The left shift to band neutrophils and toxic change indicated a concurrent inflammatory leukogram in these horses. All horses had mild-to-severe thrombocytopenia. Circulating tumor cells were identified in all horses and were large (15-25 μm) mononuclear cells that contained round-to-oval nuclei with finely dispersed to clumped chromatin and 0-1 nucleoli in small-to-moderate amounts of light-blue cytoplasm (blasts). Many tumor cells in case 5 had pleomorphic nuclei (Fig. 1C) . Biochemical findings included mild hypomagnesemia (0.55 mmol/L, reference interval [RI] : 0.65-1.15 mmol/L; 3 of 4), hypoalbuminemia (19-29 g/L, RI: 30-37 g/L; 4 of 6), hyperglobulinemia (50-60 g/L, RI: 24-44 g/L; 2 of 6) as a result of polyclonal gammopathy (based on electrophoresis), mild hyperglycemia (6.8-7.7 mmol/L, RI: 3.5-6.2 mmol/L; 2 of 6), and mildly increased γ-glutamyl transferase activity (34-35 U/L, RI: 8-25 U/L; 3 of 6). Bone marrow aspirates revealed >70% blasts in all horses (Fig. 1D) , with tumor cells largely comprised (70-80%) of monocytoid cells, with 20-30% typical blasts (round-to-oval nuclei), in case 5 (Fig. 1E) . Residual hematopoietic cells were reduced in all cases, and dysplasia was evident in erythroid progenitors in cases 5 and 6 (Fig. 1F ). Cytologic examination of mandibular lymph node aspirates revealed a suspected tumor infiltrate in cases 4 and 5. Tumor cells were seen in joint 707724V DIXXX10.1177/1040638717707724Acute leukemia in six horsesBarrell et al.
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and abdominal fluids in case 3. The final diagnosis was acute leukemia in all cases.
Cytochemical staining and flow cytometric-based immunophenotyping was performed on bone marrow aspirates (Table 3) . Based on negative cytochemical reactions and positive labeling for T-cell markers, a diagnosis of T-ALL was made in cases 1 and 2 and undetermined ALL in case 3. Based on positive cytochemical reactions or myeloid antigen expression with flow cytometry, a diagnosis of AML was made in cases 4-6.
Four horses (cases 1, 2, 4, 5) were euthanized after diagnosis. Case 3 was treated supportively with antibiotics and anti-inflammatory drugs, but developed pitting edema and was euthanized after 14 d. Case 6 was treated with vincristine (0.005 mg/kg bodyweight intravenously once), cytarabine (1.7 mg/kg body weight [bw], constant rate infusion over 24 h), and prednisone (2.2 mg/kg bw orally every 24 h). Serial hemograms showed minimal response, the horse developed neurologic signs, and was euthanized after 3 d. Blasts were identified in atlanto-occipital cerebrospinal fluid collected immediately postmortem.
Postmortem examinations were performed on all horses. Gross examination revealed mild-to-moderate (n = 4) or marked (case 3) single or multiple peripheral and internal lymphadenopathy, subcutaneous or limb edema (n = 2), colonic petechiae (case 5), necrotizing enteritis (case 6), and Variably sized blasts with round-to-oval nuclei, fine chromatin, and single nucleoli dominate in bone marrow smears from case 1 with B-acute lymphoblastic leukemia (B-ALL). A small lymphocyte is illustrated (arrow). Bar = 10 μm. E. Dysplastic erythroid progenitors (hypochromic nuclei for the stage of maturation; arrows) are interspersed among many tumor cells with pleomorphic nuclei in a bone marrow aspirate smear from case 5. Bar = 10 μm. F. Two dysplastic erythroid progenitors and a large tumor cell with a monocytoid nucleus in a bone marrow aspirate smear from case 5. One erythroid precursor is a megaloblast (i.e., cell larger than normal with hypochromic immature nucleus and cytoplasm that contained some hemoglobin; long arrow). The other erythroid progenitor is also larger, with a higher nuclear-to-cytoplasmic ratio than normal (short arrow) for that stage of maturation (metarubricyte). Bar = 5 μm.
multifocal-to-coalescing small nodules in the skin, renal cortex, lung, and heart (case 3). Histologic examination of postmortem tissue showed extensive bone marrow involvement in all cases, with mild-to-moderate extramedullary infiltrates in lymph nodes (n = 6), kidney (n = 5), spleen (n = 5), liver (n = 3), lungs (n = 3), brain or spinal cord (n = 2), mediastinal tissue (presumed lymph node), skin and heart (case 3), and intestine and mesentery (presumed lymph node, case 5). In the marrow of case 6, tumor cells displayed myeloid differentiation, and erythroid cells were dysplastic ( Fig. 2A) . Tumor cells infiltrated the lymph node paracortex predominantly, but were also found in subcapsular and medullary sinuses. Nodal architecture was effaced in all or some nodes in cases 3 and 6, respectively, whereas retention of residual follicles was seen in the other cases (Fig. 2B) . Tumor cells diffusely infiltrated splenic red pulp or were multifocal surrounding the white pulp. Moderate infiltrates were found periportally and within hepatic sinusoids. Case 6 also had multifocal centrilobular infiltrates and necrosis (Fig. 2C) . Tumor cells were located multifocally perivascularly and interstitially in the renal cortex (mostly) and medulla. Lung infiltrates were around bronchioles or vessels or within alveoli. Tumor cells multifocally infiltrated stomach and large intestinal submucosa in case 5 (Fig. 2D) . Case 3 had moderate superficial and deep dermal infiltrates with no epitheliotropism, and multifocal interstitial endocardial, pericardial, and perivascular subpleural infiltrates. Tumor cells distended vessels or were perivascular in the brain (choroid plexus, cerebrum) and spinal cord in cases 3 and 6.
Immunohistochemical staining was performed on formalinfixed tissue sections (Table 3) . Based on all of the phenotyping results, the initial diagnosis of T-ALL was revised to B-ALL in cases 1 (which expressed more B than T markers, including CD20; Fig. 3A ) and 2 (which expressed 2 B-and 2 T-cell markers; however, CD5 is expressed in a B-cell subset 1 ). Case 3 was modified to B-ALL based on weak CD20 expression. The diagnosis of AML was unchanged, but 2 cases expressed cytoplasmic CD3 (Fig. 3B) . We also evaluated Iba-1 expression in normal lymph node and tumor cells. Iba-1, a histiocytic marker, 10 was expressed in macrophages or dendritic cells in normal lymph node (Supplemental Fig. 1 ) and in tumor cells of 4 cases (Fig. 3C, D ; Table 3 ).
Hematopoietic neoplasia is uncommon in horses, with lymphoma the most commonly described form. 3, 6 In contrast, only 1% (2 cases) of 203 lymphoid tumors in a retrospective study were classified as ALL. 3 Such findings are similar to our experience, with only 6 cases of acute leukemia diagnosed over 22 y.
All horses in this case series were young adults with no breed predilection. Clinical signs were acute in onset and nonspecific, but all horses were febrile, either historically or on initial physical examination. Hemogram results were pivotal, and led to a presumptive diagnosis of acute leukemia in all cases. Horses were neutropenic and thrombocytopenic; 2 horses were pancytopenic. Several horses had hematologic evidence of concurrent inflammation. Cytopenias were generally moderate-to-severe and anemias were nonregenerative, with macrocytosis in case 5 attributed to abnormal erythropoiesis versus a regenerative response to the anemia (based on the erythroid dysplasia evident in blood and marrow). Low numbers of neoplastic cells were identified in all blood smears and led to a presumptive diagnosis of acute leukemia, which underscores the need for careful evaluation of smears when severe or multiple cytopenias are detected in horses. Circulating tumor cells are not diagnostic for acute leukemia, because they may be observed in lymphoma, and were documented in 14 of 37 horses with lymphoma in a previous study. 6 However, multiple or severe cytopenias are unusual for lymphoma, and such cytopenias should raise the possibility of acute leukemia, which warrants bone marrow aspiration for confirmation. Biochemical results were unremarkable, and indicated inflammation, stress, and in some cases possible liver involvement. Tumor cells infiltrated extramedullary tissues, which largely followed a vascular pattern. Of note, nodal involvement was extensive, with effacement of architecture, which mimicked lymphoma. However, careful examination revealed residual follicles in 5 horses, which supports an infiltrative process. It is possible that case 3 had lymphoma versus B-ALL, given that the horse had skin nodules and marked lymphadenopathy, with effacement of nodal architecture, findings more typical of lymphoma. Lymphoma can infiltrate bone marrow; marrow myelophthisis was noted in 5 of 12 horses with circulating tumor cells in a previous study of horses diagnosed with lymphoma. 6 However, it is possible that the latter horses had acute leukemia and not lymphoma. These cases highlight the difficulty in histologically differentiating acute leukemia from lymphoma. Indeed, the World Health Organization categorizes ALL and lymphomas as a group of precursor lymphoid neoplasms, distinguished primarily by the main site of tumor involvement. 9 We used cytochemical staining and immunophenotyping to classify the leukemias. Positive cytochemical results or myeloid antigen expression supports an AML classification. Conversely, negative cytochemical results or lymphoid antigen expression supports a diagnosis of ALL.
2,4,5 Based on cytochemical and flow cytometric results, 3 horses in our study were initially diagnosed with AML and 3 with ALL, 2 of T-cell origin (expression of CD8 in 1 horse, and CD5 and CD4 in another). However, tumor cells in the latter 2 horses lacked CD3 and expressed B-cell antigens on immunohistochemical staining of postmortem tissue, thus their leukemia classification was amended to B-ALL (based on the majority of marker expression). We also found lineage infidelity in 2 AML cases, which aberrantly expressed CD3 (the negative cytochemical reactions in tumor cells of case 5 was attributed to enzyme deactivation with storage, given that staining was done after 1 y). These results indicate that tumor cells in acute leukemia can aberrantly express antigens as reported for humans 8 and dogs, 7 which makes accurate classification difficult. Our results raise the possibility that tumors diagnosed as lymphoma on single antigen expression 3, 6 could be AML. Likewise, it is conceivable that some leukemias were misclassified in our study and that some cases with expression of markers of more than 1 lineage could be mixed-phenotype acute leukemia (e.g., B-ALL/ AML). Our results illustrate the importance of using all available tools and multiple markers for phenotyping, with the ultimate diagnosis based on the majority of expressed markers, not solitary results.
Iba-1 is used to identify histiocytes, particularly in the brain, 10 but we reasoned it may be a marker of AML, particularly monocytic variants. Tumor cells in 2 AML horses expressed Iba-1, as did cells in 2 B-ALL. Thus, we did not use Iba-1 to classify the leukemia. Because there have been no reports of Iba-1 expression in acute leukemia, to our knowledge, Iba-1 testing may be worthwhile in horses with lymphoma and in other species with hematopoietic neoplasia.
